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1. Introduction 
The mobility of proteins in plasma membranes 
and their distribution on the inner and outer sur- 
faces of these membranes are currently attracting 
attention in cell biology [l-S] . We report evidence 
that the alkaline phosphatase of Dictyostelium 
discoideum is, in part, located on the cell surface 
and its internalization during phagocytosis is pre- 
vented by colchicine binding proteins. 
The alkaline phosphatase of D. discoideum is a 
5 : nucleotidase attacking adenosine monophosphate 
and deoxyadenosine monophosphate [6]. There is 
evidence that the 5’-nucleotidases of eukaryotic cells 
are associated, at least partly, with the plasma mem- 
brane [4,7,8]. Furthermore, DePierre and Karnovsky 
[7], treating guinea pig polymorphonuclear 
leukocytes with the diazonium salt of sulphanilic 
acid, and Trams and Lauter [8], comparing whole 
cell and homogenate activities of several cultured 
cell lines, conclude that 5 : nucleotidase is an 
‘ectoenzyme’. 
Alkaline phoqhatase of LI. discoideum may also 
be associated with the plasma membrane as (i) the 
enzyme cosediments in density gradients with a 
membrane fraction containing cyclic AMP phos- 
phodiesterase (Hintermann and Parish, unpublished) 
and (ii) when cell surfaces are labelled with ’ 3 ’ I 
some alkaline phosphatase activity is found associated 
with radioactive membrane fragments [9]. 
2. Materials and methods 
2.1. Measurement of alkaline phosphatase activity 
D. discoideum cells (Ax 3, from W. F. Loomis Jr.) 
grown in HLS medium 12 were washed in PDF solu- 
tion [ 131 and resuspended in 0.05 M Tris-HCl (pH 
8.5) containing 50 mM MgClz and p-nitrophenyl- 
phosphate (0.25 mg/ml, a substrate of the alkaline 
phosphatase [6] ). The suspension (5 ml; 8X 1 O6 cells/ 
ml) was shaken in Erlenmeyer flasks (25 ml) at 23°C 
in a Clim-o-shake (Kiihner Ag, Basel; 90 cmp). At 
intervals 1 .O ml was withdrawn, the cells sedimented 
and 2.0 ml of 0.2 M Naz CO3 added to the supernatant. 
The extinction at 400 nm was measured. 
2.2. Isolation of phagocytic vacuoles 
Cells were grown (see fig. 1) in 500 ml HL5 medium 
to a concentration of 9X lo6 cells/ml. The culture was 
divided and colchicine (2.5 mM) added to one half. 
The cultures were incubated for a further 60 min and 
50 pl of latex beads (0.794 pm diam, 3.7 X lO”/ml 
Dow Latex) added. After 30 min the cultures were 
centrifuged and the cells washed three times with 2 
mM phosphate buffer (pH 6.5). The cells were resus- 
pended in 5.0ml of 70% (w/v) sucrose in 0.2 M Tris- 
HC 1 (pH 7.2) and homogenized with a Teflon-glass 
homogenizer attached to an electric drill (14 strokes). 
Two ml of the homogenate was overlayered with 
30% (1 .Oml), 20% (1.5 ml) and 10% (0.1 ml) sucrose 
(w/v) in buffer, and spun for 60 min at 45 000 rev/ 
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min in a Spinco L2 65b ultracentrifuge (SW 50 rotor). 
Latex beads were visible at the lo-20% and 20-30% 
sucrose interfaces. Triton X-100 (20 ~1 of 7%) was 
added to each fraction collected and fractions con- 
taining latex were filtered under vacuum through 
Metricel OA-8 filters (25 mm, pore size 0.2 pm). 
Alkaline and acid phosphatase were measured at pH 8.5 
and 3.5 respectively usingp-nitrophenylphosphate. 
3. Results and discussion 
We found that cells in incubation medium re- 
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Fig. 1. Alkaline phosphatase activities in cell suspensions, 
measured as described in Materials and methods. A.(--) 
Control; (---) 0.05 mM p-chloromericuribenzene sulphonic 
acid (PCMBSA); (. . .) 0.5 mM PCMBSA: (-.-.-) 0.15% 
Triton X-lOO.B.(-) Control; (---) 100 &ml polymyxin 
B sulphate (6 000 USP units/m&. C.(---) Control; (---) 
pretreated with 0.5 mM PCMBSA for 30 min; (-.-.-) pre- 
treated with 0.5 mM PCMBSA for 30 min and incubated 
with 100 &ml polymyxin B sulphate (. .) 0.5 M PCMBSA 
and 0.15% Triton X-100. 
mained intact and impermeable to Evans Blue. The 
cell suspension exhibited alkaline phosphatase activity, 
on average 10-l 5% of the total activity determined 
after cells had been ruptured with Triton X-100 (fig. 
1 A). The majority of alkaline phosphatase activity in 
cell homogenates is sedimentable and enzyme is not 
released into the medium when cells are being incubated. 
In order to ascertain whether the enzyme is asso- 
ciated with the outer surface of the plasma membrane 
we added p-chloromercuribenzene sulphonic acid 
(PCMBSA; Sigma) to the reaction mixture. The com- 
pound binds to the sulkydryl groups of proteins 
on the cell surface and inhibits, for example, certain 
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transport systems in lymphocytes, but does not 
penetrate these cells [lo]. PCMBSA inhibited the 
alkaline phosphatase activity (fig. 1A). When cells 
were incubated in 0.5 mM PCMBSA for 30 min, then 
washed and resuspended in the assay medium, activity 
was reduced (fig. 1C). After addition of Triton X-100 
to cells pretreated with PCMBSA, enzyme activities 
resembling those of lysed untreated cells were found. 
Polymyxin B renders the cells permeable to 
Evans Blue. When the antibiotic was present in the 
incubation medium or when cells pre-treated with 
PCMBSA were incubated with polymyxin B, increased 
alkaline phosphatase activities were found (fig. 1 B,C). 
Finally, cells incubated with Triton X-100 and 
PCMBSA showed no activity after the first few minutes, 
Indicating that intracellular and soluble enzyme are in- 
hibited (fig. 1 C). 
We conclude that the cells are normally imper- 
meable to p- nitrophenylphosphate and PCMBSA 
and, hence, the alkaline phosphatase activity measured 
resides on the cell surface. However, enzyme is also 
present within the cells, although whether associated 
with the inner side of the plasma membrane or other 
membranes is not known. The relative amount of total 
enzyme activity associated with the cell surface is 
difficult to estimate since detergents and homoge- 
nization may activate the enzyme. The experiments 
with polymyxin B suggest hat no more than 40-50% 
of activity is at the cell surface. 
The amoebae of LI. discoideum internalize part of 
their plasma membrane during phagocytosis and we 
wished to discover whether alkaline phosphatase 
activity was associated with the phagocytic vacuoles. 
We have used latex beads to isolate and characterize 
these vacuoles (paper in preparation). Acid phos- 
phatase is used as a marker for vacuole membranes 
and fig. 2A shows that alkaline phosphatase does not 
‘peak’ with acid phosphatase in density gradients. 
Some alkaline phosphatase activity was present 
fairly evenly distributed among the fractions (fig. 2A) 
although in many gradients, we have found no activ- 
ity whatever. 
When phagocytosis occured in the presence of 
colchicine, however, two peaks of alkaline phosphat- 
ase, coinciding with the vacuole membranes, were 
present in the density gradient (fig. 2B). 
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Fig. 2. Effects of colchicine on the appearance of alkaline phosphatase in phagocytic vacuoles, A. Control. B. Cochicine (2.5 mM). 
( -) Acid phosphatase; (---) alkaline phosphatase. 
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4. Conclusions 
1) The alkaline phosphatase of D. disco&urn cells is, 
in part, associated with the cell surface. 
2) The enzyme is not normally present in the mem- 
branes of phagocytic vacuoles. Since the latter derive 
from plasma membrane, either distinctive areas of 
this membrane are phagocytosed or the alkaline 
phosphatase is laterally redistributed during phago- 
cytosis. 
3) Colchicine binding proteins are involved in pre- 
venting the appearance of alkaline phosphatase in 
phagocytic vacuoles. They may maintain the topo- 
graphic distribution or direct lateral redistribution 
of alkaline phosphatase. Similarly, concentrative 
movements of lectin binding sites and transport 
carriers of lymphocytes, thought to be induced by 
phagocytosis, are inhibited by colchicine [3,1 l] . 
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